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@ Endoscopic surgical system with sensing means. 

@ An endoscopic surgical system which in- 
cludes an instrument for carrying out a step i 
the procedure. The instrument is power oper- 
ated and the system includes sensing means to 
control the operation of the instrument 
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Filed of the Invention 

This invention relates to a system for use in en- 
doscopic procedures. More specifically, this inven- 
tion relates to a system which will automatically sense 
physical properties of the tissue on which the proce- 
dure is being conducted and/or certain parameters of 
an endoscopic surgical instrument. 

Background of the Invention 

Endoscopic surgery has been gaining wide ac- 
ceptance as an improved and cost effective technique 
for conducting certain surgical procedures. In endo- 
scopic surgery, a trocar, which is a pointed piercing 
device, is sent into the body with a cannula placed 
around the trocar. After the trocar accomplishes 
piercing of the abdominal walls, it is removed and the 
cannula remains in the body. Through this cannula, 
endoscopic procedures are possible. Often multiple 
openings are produced in the body with a trocar so 
that an endoscopic instrument may be placed in one 
cannula, appropriate viewing mechanisms placed in 
another cannula and fiber optics for illuminating the 
surgical field placed in yet another cannula. General- 
ly, these endoscopic procedures take place under in- 
sufflation. As more is learned about endoscopic pro- 
cedures and more instruments developed, the type of 
procedures that may be performed endoscopically 
will increase. Presently, typical procedures are gall 
bladder removal, tissue repair and various steriliza- 
tion procedures. 

Broadly, the instruments used in surgery can be 
classified into two broad classes. One class is manip- 
ulation devices; that is, devices which will grasp tis- 
sue, position tissue, irrigate, apply suction, and the 
like. The second class may be termed active devices. 
Generally, these devices either cut or staple tissue 
and some devices may combine t hese actions. Exam- 
ples of such devices are electrosurgery instruments, 
ultrasonic instruments, lasers, circular stapling instru- 
ments, linear stapling instruments, ligating and cut- 
ting instruments and the like. 

While endoscopic surgical procedures have sub- 
stantial benefits to the patient, they do present cer- 
tain problems to the surgeon conducting the proce- 
dure. For example, because the active part of the in- 
strument is further removed from the manipulative 
part of the instrument, any slight movement of that 
manipulative part is magnified when it reaches the 
active part Hence, when placing and forming a staple 
in tissue, the hand of the surgeon must be a lot stea- 
dier during the endoscopic procedure than if that 
same procedure was done during standard open sur- 
gery. Another difficulty arises because the surgeon, 
conducting the procedure, cannot see the field in 
which he Is operating in a direct manner but is watch- 
ing that field on an appropriate video display and ma- 



nipulating the instrument based on what he sees on 
that video display. Hence, in designing endoscopic 
surgical instruments, considerable effort is made to 
reduce the force required in order to operate the in- 

5 strument and allow the surgeon to have greater con- 
trol over the instrument Also, from an engineering 
standpoint, considerable design engineering is re- 
quired to permit function of the active portion of the 
instrument given the physical limits of force and 

10 stroke of the surgeon's hand. 

Another problem, particular to endoscopic proce- 
dures, is that the surgeon can no longer feel tissue 
with his hands to determine thickness, consistency, 
texture, etc. 

15 It should also be pointed out, that for medical rea- 
sons it is often desirable to make endoscopic instru- 
ments disposable. A major reason for this is that 
small, intricate, reusable instruments are difficult to 
sterilize and, if you can make the instrument dispos- 

20 able these sterilization problems are eliminated. How- 
ever, making the instrument disposable will often in- 
crease the cost of the instrument and this cost must 
be balanced with the medical advantage. Another 
problem with endoscopic instruments is their access 

25 limitations; that is, the ability to manipulate the head 
of the instrument after it has been placed in the can- 
nula is difficult and the scope of movement is limited. 

Summary of the Invention 

30 

The endoscopic surgical system of the present in- 
vention provides a system allowing for a high degree 
of control in the manipulation of the active part or 
business head of an endoscopic instrument Further- 

35 more, my new system may provide greater access for 
the head of an endoscopic instrument during the sur- 
gical procedure. My new endoscopic system allows 
for greater forces to be applied at the head of the in- 
strument while maintaining that head under stable 

40 control during the surgical procedure. My new endo- 
scopic system may be disposable and even when dis- 
posable, in certain designs, may provide consider- 
able reduction in cost My new system allows the sur- 
geon to expend less energy during the surgical pro- 

45 cedure thus providing for improved manipulation and 
control of the instrument during the procedure. My 
new endoscopic system provides sensing feedback to 
the surgeon to compensate for the loss of tactile feed- 
back. In certain designs of my new endoscopic sys- 

50 tern, the surgeon is provided with considerable knowl- 
edge regarding the instrument For example, the sur- 
geon may be informed as to the position of the instru- 
ment in the procedure, the operation of the instru- 
ment; i.e., whether it is in a position to be activated 

55 and activated correctly and the like. 

In its broadest sense, my new endoscopic system 
comprises an instrument which is to be used in con- 
ducting a step in an endoscopic procedure. Connect- 



2 



3 



EP0 552 050 A2 



4 



ed to that instrument is suitable power means which 
will operate the active or business head of the instru- 
ment to conduct a desired step in the procedure. The 
instrument also includes a sensing means which con- 
trols and/or monitors the operation of the instrument 5 
while conducting the desired step in the procedure 
and provides feedback information to the surgeon. 
According to the present invention, there is provided 
an endoscopic instrument which has a head portion 
for carrying out a step in an endoscopic procedure. 10 
The step may be ligating, stapling, cutting, manipula- 
tion of the tissue etc. or combinations of these steps. 
Connected to this head portion is a shaft. The instru- 
ment includes means for applying energy to the head 
portion either by or through the shaft In preferred is 
embodiments of the present invention, the shaft is en- 
cased in a housing and a motion is provided to the 
shaft; i.e., rotation, longitudinal movement, etc. 
Means are disposed in the head of the instrument, to 
translate the motion of the shaft into a suitable force 20 
and/or motion in the head to carry out a desired step 
in the procedure; i.e., to set and form staples or to lig- 
ate a vessel or to sever tissue and so forth. Also, dis- 
posed in the head portion is a sensing means which 
measures the energy, force, orthe motion of the head 25 
portion. In some instances, the sensing means may 
measure one or more physical parameters of the tis- 
sue on which it is to work or of the surrounding tissue. 
Inter-connected with that sensing means is a means 
which controls the energy, force and/or the motion of 30 
that head portion. 

The present invention will be more readily under- 
stood and described in the attached description of the 
drawings taken in conjunction with the description of 
the invention. 35 

Brief Description of the Drawings 

Fig. 1 is a schematic view of an endoscopic sur- 
gical system of the present invention intercon- 40 
nected with a microprocessor/controller and a 
video display screen; 

Fig. 2 is a perspective view of an endoscopic sta- 
pling and cutting system in accordance with the 
present invention; 45 
Fig. 3 is a longitudinal cross-sectional view of the 
handle portion of one embodiment of an endo- 
scopic stapling and cutting system of the present 
invention; 

Fig. 4 is a detail of the gear reduction assembly. 50 
Fig. 4a is a cross-sectional view taken along line 
A-A of Fig. 4; 

Fig. 4b is a cross-sectional view taken along line 
B-BofFig.4; 

Fig. 5 is a longitudinal cross-sectional view of the 55 
shaft of the system depicted in Fig. 2; 
Fig. 6 is an enlarged longitudinal cross-sectional 
view of the active or business head of the system 



depicted in Fig. 2; 

Fig. 7 is an enlarged longitudinal cross-sectional 
view of the head of the system depicted in Fig. 6 
with the head in a closed position; 
Fig. 8 is an enlarged longitudinal cross-sectional 
view of the head of the system depicted in Fig. 6 
with the head in the position of firing staples; 
Fig. 9 is an enlarged longitudinal cross-sectional 
view of the head of the system of Fig. 6 with the 
head in the closed position after firing the sta- 
ples; 

Fig. 10 Is an enlarged longitudinal cross-sectional 
view of the head of the system depicted in Fig. 6 
with the head in the open position after the sta- 
ples have been fired; 

Fig. 11 is a perspective view of another embodi- 
ment of an endoscopic system of the present in- 
vention useful in placing ligating clips; 
Fig. 12 is a longitudinal cross-sectional view of 
the handle of the instrument depicted in Fig. 11; 
Fig. 13 is an assembly view of the shaft portion 
of the system depicted in Fig. 11; 
Figures 14, 15 and 16 are sequential plan view of 
a clip placed in the head of the system depicted 
in Fig. 11 when the clips are open, closing and 
fully closed, respectively; 
Fig. 17 is a longitudinal cross-sectional view of a 
head of a system of the present invention depict- 
ing sensing means for sensing properties in the 
surrounding environment; 
Fig. 18 is a block diagram showing the interrela- 
tionship of the principal components of one em- 
bodiment of a system according to the present in- 
vention; 

Fig. 19 is a block diagram depicting a possible set 
of hardware architecture for a system of the pres- 
ent invention; and 

Fig. 20 is a simplified flow diagram of one possi- 
ble flow for the control logic for a system accord- 
ing to the present invention. 

Detailed Description of the Invention 

Referring to the drawings, there is shown in Fig. 
1 a perspective view of an endoscopic system accord- 
ing to the present invention. In this Figure an endo- 
scopic stapling and cutting instrument 30 is intercon- 
nected with a controller 31 and a video display mon- 
itor 32. The controller includes a microprocessor, 
power supply, hard-wired logic, sensor interface and 
motor drive circuits. The instrument is connected to 
the controller so that the controller can accept, store, 
manipulate, and present data. The controller may 
feed appropriate signals back to the instrument in or- 
der to operate the instrument. The controller also acts 
to supply power to the instrument at the appropriate 
level, frequency, timing, etc. Within the controller may 
be several hard-wired logic circuits controlling critical 
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instrument functions. Also, several sensing circuits 
may be incorporated in the controller to measure vol- 
tage, current, power etc. The controller may also in- 
clude a display screen to present the data it has re- 
ceived from the instrument and manipulate it in a de- 
sired way. 

In Fig. 2 there is shown a perspective view of the 
endoscopic instrument depicted in Fig. 1. The instru- 
ment has a handle portion 40. Extending from this 
handle portion is a shaft portion 41 and at the end of 
the shaft portion is a desired head or business portion 
42 of the Instrument. The head or business portion is 
that portion of the instrument which accomplishes a 
step in a surgical procedure, whether that be ligating, 
stapling, cutting, manipulating tissue, or combinations 
of such steps. The head and shaft portions of the in- 
strument are constructed so that they can be applied 
through the cannula of a trocar as is well known in en- 
doscopy. 

In the embodiment depicted in Figs. 2 through 9, 
the head portion is a linear stapler and cutter; that is, 
the head portion will place down plural parallel rows 
of staples with the staples offset in the rows. The in- 
strument will also operate a knife to pass between 
two adjacent parallel rows of staples. Such an instru- 
ment staples tissue together and cuts that tissue be- 
tween the stapled portions. Such instruments are 
used in various types of surgical procedures such as 
bowel and lung resections. 

Fig. 3 is an enlarged, longitudinal cross-sectional 
view of the handle portion of the instrument depicted 
in Fig. 2. In this embodiment, the handle portion in- 
cludes a small DC motor 45 attached to a gear box 46. 
Extending from the gear box is a rotatable drive shaft 
The rotatable drive shaft extends substantially the 
length of the handle. Also included in the handle and 
interconnected with the DC motor are a suitable on- 
off switch 48 and a switch 49 to control the power sup- 
ply being provided by the motor. A video display 
switch may also be provided in the handle if desired. 
White in this embodiment the motor itself is included 
in the handle, it should be appreciated that the motor 
could be separate from the instrument with appropri- 
ate connections so that a variety of instruments could 
be used with detachable motor or power source. Also, 
if the instrument is to be interconnected with a con- 
troller to accept, store and manipulate data, the motor 
may be connected to such controller and information 
such as current input power output, voltage and 
other parameters may be monitored by the controller 
for manipulation, display, and use in a suitable man- 
ner. 

As depicted in the cross-sectional views in Figs. 
4, 4a and 4b, the motor shaft 50 extends into the cen- 
ter of the gear box 46. The gear box comprises two 
sets of gears 51 and 52, which reduce the rotation of 
the shaft 47 with respect to the motor at a ratio of 36:1 
or other reduction as desired. 



Referring to Fig. 5, there is shown an enlarged, 
longitudinal cross-sectional view of the shaft portion 
of the instrument shown in Fig. 2. In this embodiment, 
the shaft housing 60 is flexible. Through the center 
5 of the housing there extends the rotating, axially flex- 
ible, torsionalty stiff shaft 61. The housing connects 
the handle of the instrument to the head of the instru- 
ment and the flexible shaft is connected to the drive 
shaft 47. 

10 Figs. 6 through 10 are enlarged, longitudinal 

cross-sectional views of the head portion of the in- 
strument depicted In Fig. 2. The views depictthe head 
of the instrument in the open position prior to being 
placed on tissue (Fig. 6), in the closed position ready 

15 forf iring (Fig. 7), during the firing action (Fig. 8), after 
the firing action has been completed (Fig. 9) and in 
the final open position (Fig. 10) when the instrument 
may be removed. In these figures, like parts are iden- 
tified with the same numerals. The housing 70 of the 

20 head is suitably connected to the shaft housing 60 
either by a press fit or ultrasonic welding or other sim- 
ilar means. Extending substantially the length of the 
head and connected to the rotating shaft 61 is a 
threaded rod 71. The threaded rod has a larger diam- 

25 eter portion 72 adjacent the shaft 61 and a smaller di- 
ameter portion 73 for the remainder of the threaded 
rod. The head includes a staple or staple cartridge 
portion 74 and an anvil portion 75. The staple portion 
and the anvil portion are pivotally connected to each 

30 other by the anvil pivot pin 76. Mounted on the larger 
diameter portion of the threaded rod is a closure nut 
and extending from that closure nut 77 is a closure pin 
78 which moves in a slot 79 disposed in the pivotally 
mounted anva portion of the head. When the flexible 

35 shaft is rotated, the threaded rod is also rotated and 
on rotating the closure nut will move down the thread- 
ed rod and move the closure pin in the closure slot to 
close the anvil portion against the staple portion of 
the head of the instrument Tissue to be treated or 

40 manipulated is placed between the anvil portion and 
the staple portion of the head of the instrument when 
in the open position. Power is applied to the flexible 
shaft to rotate the shaft and the threaded rod and 
close the anvil portion. As can be appreciated; the 

45 amount of torque required to pivot the anvil portion 
about the pivot pin can be sensed and the thickness 
of tissue between the anvil and the staple portion de- 
termined. It is a simple matter for a controller to ma- 
nipulate this information and inform the surgeon as to 

so whether or not he has the appropriate amount of tis- 
sue between the anvil portion and the staple portion 
of the head of the instrument upon closure or whet her 
he has too much or too little tissue and should re-ma- 
nipulate the instrument For a constant voltage drive, 

55 the force required to close the instrument may be 
measured by monitoring motor current The power 
delivered to the instrument may be controlled by vary- 
ing motor voltage and/or current to achieve a constant 
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motor speed with varying load. 

Mounted in the staple holding portion of the in- 
strument is a removable staple cartridge 80. The car- 
tridge holds four rows of staples 81. The rows are par- 
allel and in adjacent rows the staples are off-set as is 
well known in the art. The cartridge is placed so that 
it is opposite the anvil portion of the instrument and 
snaps into the staple holding portion of the instru- 
ment as shown. As depicted in the figures, extending 
the length of the staple portion of the instrument is 
the smaller diameter portion of the threaded rod. 
Mounted on this rod, to move along the rod as the rod 
rotates, is a knife member 82 and a driving wedge 
member 83 which are inner-connected. The wedge 
member precedes the knife member as they move 
along the threaded rod. As the wedge member moves 
down the threaded rod, it drives the staples out of the 
cartridge, via the individual staple drivers 84. The sta- 
ples pass through the tissue and against the anvil to 
form the staples in the tissue. The kn'rfe 82 following 
the driving wedge cuts the tissue between adjacent 
rows of staples. The driving wedge is actually two 
pieces; that is, it has one wedge piece on one side of 
the knife to drive the staples on that side of the knife 
and a like wedge piece on the opposite side of the 
knife to drive the staples on that side of the knife. 

When the anvil portion 75 is closed as shown in 
Fig. 7, the closure nut 77 moves a stop member 85 
forward so that the firing nut 86 on which the knife 82 
and wedges 83 are disposed is moved forward and 
engages the threads of the smaller diameter portion 
73 of the threaded rod to move forward along the rod 
and drive the staples 81 and cut tissue. The firing nut 
86 is biased, using a suitable means, so as not to en- 
gage the threaded rod until a stop member 85 is ac- 
tivated. Once the firing nut has moved to its most for- 
ward position to drive and form all of the staples and 
cut the tissue, it engages a suitable contact 87 which 
immediately reverses the motor to retract the firing 
nut. In its fully retracted position, the firing nut 86 
moves the stop member 85 rearwardly causing the 
closure nut 77 to then retract and open the anvil por- 
tion 75 of the head of the instrument Another config- 
uration would be to locate contacts in the handle por- 
tion of the instrument and use a follower nut on the 
rotating shaft to monitor position. It should be pointed 
out that it is desirable to locate as many as possible 
of the contacts and sensors in the handle portion of 
the instrument so that the head or business end can 
be maintained as small as possible and still accom- 
plish the desired step in a procedure. By maintaining 
the head and shaft of the instrument as small as pos- 
sible, the opening in the patient required for inserting 
the instrument may be kept small, thus increasing 
some of the benefits of an endoscopic procedure. As 
can be appreciated, various information may be 
transmitted during the operation of the instrument; for 
example, the movement of the stop member pushing 



the firing nut to the threaded rod for movement can 
be sensed. The most forward position of the wedges 
and knife may be sensed. The reversal of the motor 
may also be sensed as well as the movement of the 

5 stop member to open the anvil portion etc. Further- 
more, if desired the presence of a cartridge and the 
presence of staples in that cartridge may also be 
sensed. All of this information may be fed back to a 
controller and stored and manipulated in the control 

10 unit so that the surgeon using the instrument will in- 
stantaneously receive information as to the place- 
ment of the staples, the cutting of the tissue, the pres- 
ence of staples in the cartridge, etc. 

Referring to Figs. 11 through 16, there is depict- 

15 ed an endoscopic ligating system of the present in- 
vention. The ligator comprises a handle portion 80 
having appropriate on-off 81 and power control 82 
switches. A hollow circular casing 83 extends from the 
handle portion and a clip applying head portion 84 is 

20 disposed at the opposite end of the circular casing. As 
more clearly shown in Fig. 12, in the handle portion 
is a rotatable drive shaft 85. One end of the drive shaft 
at the rear of the handle includes a connection 86 so 
that it can be connected to a DC motor or other suit- 

25 able power means. The opposite end of the drive 
shaft is threaded 87. The threaded portion of the 
drive shaft engages a threaded end 88 of a longitu- 
dinally moveable rod 89. The rod is connected to long- 
itudinally extending shaft 90. The shaft extends sub- 

30 stantiaily the full length of the instrument from the 
handle to the head or business end of the instrument 
When the drive shaft 87 is rotated, the rod 89 and 
longitudinally extending shaft 90 move forward and 
when the rotation of the drive shaft is reversed, the 

35 rod and longitudinal extending shaft is retracted. 

As shown in Fig. 13, the longitudinally extending 
shaft is mounted in a suitable support tube 115. The 
shaft comprises a longitudinally moveable cam chan- 
nel 112, an enclosing member 113, a floor 110 oppo- 

40 site the enclosing member, a feed bar 99, an end cap 
114, and a track 98 for holding ligating clips. Attached 
within the cam channel are the jaws 111 of the instru- 
ment In operation, when the cam channel is moved 
forwardly, it encloses the jaws and brings them to- 

45 get her to dose a clip which has been placed in the 
jaws. When the drive shaft 87 is reversed, the chan- 
nel retracts and the jaws opens. Also included in the 
shaft are a magazine or a stack of clips 97 held in 
track 98. The track also holds a feeder spring 94. lock 

so lever 95 and feed shoe 96. The clips are positioned In 
the path of the feed bar 99 by spring 94. A lifter spring 
93 is held in place over clip track 98 by shroud 92 and 
acts to place the first clip of the magazine into the 
plane of the feed bar for position in the jaws. The op- 

55 eration of this portion of the instrument can best be 
seen in Figs. 14, 15, and 16. As the cam channel 112 
is urged forwardly, it engages the outer surface of the 
jaws 111 and pushes them towards each other to 
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close the clip 120 about tissue 121. When the cam 
channel retracts, the jaws open. The clip magazine 97 
is advanced forwardly and another clip is placed with- 
in the jaws. This happens when the spring 94 is re- 
leased and t he feed shoe advances the next clip from 5 
the stack of clips, which has been positioned in the 
path of the feed shoe by the spring so that another 
clip may be placed. Suitable sensing members 123 
and 124 in the jaws can determine whether or not 
there is an appropriate clip in the jaws, whether or not 10 
the clip is appropriately dosed and when the stack of 
clips is empty. All of this information may be fed back 
to a controller for storage and manipulation and ap- 
propriate information reported to the operator of the 
Instrument is 

While I have described my new system with spe- 
cific reference to a linear stapler-cutter instrument 
and a ligatmg clip applier, it of course, can be used 
with other endoscopic instruments. For example, my 
new system could be used to control an electro-cau- 20 
terizing instrument My new system could be used to 
control the activation of such an instrument as well as 
the irrigation and suction used with cauterizing instru- 
ments. 

In all of the previous embodiments, the sensing 25 
mechanism has been used to sense the operation of 
the instrument and to sense whether or not appropri- 
ate tissue is in the appropriate position, etc. It should 
be appreciated that the instruments may also be de- 
signed to sense physical parameters of the surround- 30 
ing environment For example, they may sense the 
blood oxygen content or tissue density of adjacent tis- 
sue or various hemostasis characteristics of adjacent 
tissue and the like may be used. 

In Fig. 17, there is depicted the head of an instru- 35 
ment which includes a sensing member used to sense 
the blood oxygen content of adjacent tissue. In this 
embodiment, the instrument is a linear stapling in- 
strument though other instruments are also meant to 
be encompassed in this embodiment Figure 17 de- 40 
picts the head or business end 160 of such an instru- 
ment The head comprises a staple or staple cartridge 
holding member 161 and a pivotally mounted anvil 
member 162 similar to that depicted and described in 
conjunction with Figure 6. A light emitting diode (LED) 45 
163 and phototransistor receiver 164 are disposed in 
the staple holding member. The transistor receiver 
comprises one or more photo-transistors and appro- 
priate resistors. When tissue to be manipulated is 
placed between the staple member and the anvil so 
member an electrical pulse is applied to the LED to 
cause light to be emitted by the LED. The emitted light 
contacts the tissue and, depending on the properties 
of the tissue, a portion of the light is reflected from the 
tissue to the photo-transistor thereby creating an 55 
electrical signal in direct proportion to the received 
optical signal. The amount of light striking the photo- 
transistor may be measured and correlated to a de- 



sired property of the tissue such as oxygen content 
The indirect measurement of tissue penetration via an 
opto-electronic signal conversion is used to control 
desired operations of the instrument The operations 
that might be controlled would be the opening and 
closing of the anvil member and/or the firing of the 
staples. This is accomplished by feeding the light 
measurement to a controller which would in turn con- 
trol the power source used to operate the instrument 
Also, this information could be supplied to the sur- 
geon via a video display. The surgeon could use this 
Information to determine proper positioning of the in- 
strument or other procedure related manipulations. 

Fig. 18 portrays in a simple block diagram one 
form of a system according to the present invention. 
In this embodiment the endoscopic instrument is a 
stapler and cutter 200. The status of the instrument 
and various messages are communicated to the user 
by an interface with an endoscopic video camera 201 
and monitor system 202. The system also includes an 
instrument microprocessor/controller 203. The endo- 
scopic instrument is powered by a DC motor 204 and 
is connected to the controller by a cable 205. The con- 
troller is microprocessor based and includes circuits 
for sensing, motor control, sensor interface, video in- 
terface and power supply. The instrument includes 
miniature sensors to detect the power and/or force 
being used and limit switches and contacts to turn the 
motor on and off at predetermined positions. Limit 
switches are also used to detect various interlocks 
used in the instrument The instrument may also in- 
clude sensors to determine the position of the anvil 
to the cartridge and whether or not staples are pres- 
ent in the cartridge. All sensors, switches, and motors 
are connected to the controller via the interface cable 
205. This information, fed into the appropriate con- 
troller, is stored and manipulated and fed to a central 
processing communication system. Some informa- 
tion will be processed directly through the hard wired 
circuits. It is important to note that it is desirable to in- 
corporate critical instrument functions in to the hard- 
wired logic of the controller whenever possible. The 
controller then may be used for non-critical functions 
and information processing. The processed and ma- 
nipulated information is fed to a video display screen 
and/or a suitable written or audio display mechanism. 
The information may also be fed back to the instru- 
ment controller to control some or all of the instrument 
functions. 

In Fig. 19 there is depicted a configuration of 
hardware that could be used in the system of the 
present invention. From the sensor input from the 
specific endoscopic instrument used, the control log- 
ic can make decisions and/or actions on things such 
as tissue compression, position and proximity, elec- 
trical properties, chemical properties, temperature 
etc. 

The control logic may be based on analog com- 
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puting, gate array logic, hard-wired combinational 
logic, or sequential embedded microprocessor con- 
trol, etc. or even some combination of electrical, 
mechanical, hydraulic or pneumatic logic. 

Fig. 20 is a simplified flow diagram for the control s 
logic set forth above and described in conjunction 
with Figures 18 and 19. 

It should now be evident that there has been de- 
scribed herein an improved endoscopic system that 
embodies a high degree of control and reliability while 10 
expanding the scope of the actions that can be ac- 
complished by any specific instrument to provide im- 
proved endoscopic procedures. 

Although the invention has been described by 
way of examples of preferred embodiments, it will be 15 
evident that other adaptations and modifications may 
be employed without departing from the spirit and 
scope of the invention. 

20 

Claims 

1. A system for use in an endoscopic procedure 
comprising: 

(a) an instrument useful in conducting a step 25 
in the procedure; 

(b) means for supplying power to said instru- 
ment to operate the instrument and conduct 
said step in the procedure; and, 

(c) sensing and control means attached to 30 
said instrument to monitor and control the op- 
eration of the instrument in conducting said 
step. 

2. A system according to Claim 1 which includes 35 
means for identifying said instrument type, de- 
tecting said identification and controlling use of 

the instrument according to said identification. 

3. A system according to claim 1 wherein the instru- 40 
ment applies staples to tissue held by the instru- 
ment during the step in the procedure, the means 

for supplying power to the instrument is used to 
drive the staples into the tissue and the sensing 
means determines the presence or absence of 45 
staples in the instrument 

4. A system according to claim 1 which includes 
sensing means for determining at least one prop- 
erty of the tissue held by the instrument so 

5. A system according to claim 1 wherein the instru- 
ment includes a knife for severing tissue held by 
the instrument during the step in the procedure, 

the means for supplying power to the instrument 55 
operates the knife to sever tissue held by the in- 
strument and the sensing means determines the 
position of the knife in the instrument 



6. A system according to Claim 5 which includes 
sensing means for measuring tissue thickness. 

7. A system according to claim 1 wherein the instru- 
ment applies a plurality of clips used to ligate ves- 
sels during the step in the procedure, the means 
for supplying power to the instrument closes a 
clip about a vessel and the sensing means deter- 
mines the presence or absence of clips in the in- 
strument 

8. A system according to claim 1 wherein the means 
for supplying power to the instrument is a D.C. 
motor. 

9. A system according to claim 8 wherein the D.C. 
motor is releasably connected to the instrument 

10. A system for use in an endoscopic procedure 
comprising: 

a) an endoscopic instrument said instrument 
having a head portion for carrying out a step 
in the procedure, a handle portion and a rotat- 
able shaft connecting said head portion and 
said handle portion; 

b) means for rotating said rotatable shaft; 

c) means disposed in the head of the instru- 
ment for translating the rotational motion of 
the shaft into the desired force useful in car- 
rying out the step in the procedure; 

d) sensing means attached to said instrument 
to measure the force used in carrying out the 
step in the procedure, and 

e) control means, interconnected with said 
sensing means, to control the operation of the 
instrument while carrying out the step in the 
procedure. 

11. A system according to claim 10 wherein the 
means for rotating said rotatable shaft is a D.C. 
motor. 

12. A system according to Claim 11 wherein the D.C. 
motor is releasably connected to the instrument 

13. A system according to Claim 10 wherein said in- 
strument is a cutting and stapling instrument and 
said head portion comprises a staple holding 
member and an anvil member pivotally connect- 
ed at one of said staple holding member. 

14w A system according to Claim 13 wherein the 
means for rotating said rotatable shaft is a D.C. 
motor. 

15. A system according to Claim 14 wherein the D.C. 
motor is releasably connected to the instrument 
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16. A system according to Claim 16 wherein said in- 
strument is a cutting and stapling instrument, 
said head portion comprises a staple holding 
member and an anvO member pivotaily connect- 
ed at one end of said staple holding member, the 
means for rotating the rotatable shaft is a D.C. 
motor and the sensing means is disposed in the 
head portion of the instrument to detect at least 
one property of tissue placed between said head 
portion and said anvil portion. 

17. A system according to claim 12 which includes 
sensing means disposed in said head portion for 
detecting the presence or absence of staples in 
said staple holding member. 

18. An endoscopic instrument comprising: 

a head portion for carrying out a step in an 
endoscopic procedure, 

a shaft connected to said head portion, 
means for applying a motion to said shaft, 
means disposed in said head portion for 
translating the motion applied to the shaft into a 
suitable force and/or motion of the head portion 
to carry out the step in the procedure, 

sensing means disposed in said head por- 
tion to measure a motion; and 

means interconnected with said sensing 
means to allow control of the force and/or motion 
of the head portion. 

19. An instrument according to Claim 18 wherein the 
means for applying motion to the shaft is a D.C. 
motor. 

20. An instrument according to Claim 19 wherein the 
D.C. motor is releasably connected to the instru- 
ment. 

21. An instrument according to Claim 18 wherein the 
instrument is a clip applier for applying a multipli- 
city of ligating clips to vessels to close the ves- 
sels. 

22. An instrument according to Claim 21 wherein the 
head portion comprises a pair of opposing jaws 
for holding a ligating clip and the sensing means 
disposed in said head portion detects when the 
jaws are open or closed. 

23. An instrument according to Claim 21 wherein the 
head portion comprises a pair of opposing jaws 
for holding a ligating clip and the sensing means 
disposed in said head portion detects whether or 
not there is a clip in said jaws. 

24. A stapling instrument for use in an endoscopic 
procedure comprising: 



a head portion, a handle portion and a 
connecting portion connecting said head portion 
to said handle portion; 

said head portion comprising means for 
5 holding a cartridge of staples, firing means for 

ejecting staples from said cartridge and anvil 
means to form said staples, said anvil means be- 
ing disposed in relationship to said cartridge hold- 
ing means to allow tissue to be disposed between 
10 said cartridge and said anvil means; 

a rotatable shaft disposed in said connect- 
ing portion; 

converting means disposed at one end of 
said rotatable shaft and connecting said firing 
15 means to said shaft to convert the motion of the 
shaft into a force to eject said staples from the 
cartridge and form said staples in the tissue, 

means disposed at the other end of said 
rotatable shaft for rotating said shaft, 
20 a first sensing means disposed in said 

head portion for detecting a physical property of 
the tissue placed between said cartridge and 
said anvil means, 

a second sensing means for determining 
25 the force required to eject and form the staples; 

and 

control means interconnected to both said 
first and second sensing means to control the 
ejection and formation of the staples. 

30 

25. A stapling instrument according to Claim 24 
wherein the anvfl means is pivotaily connected to 
the means for holding a cartridge of staples at 
one end thereof. 

35 

26. A stapling instrument according to Claim 24 
wherein the cartridge of staples contains at least 
2 parallel rows of staples. 

40 27. A stapling instrument according to Claim 26 
wherein the head portion includes cutting means 
reciprocally movable between 2 rows of staples. 

28. A stapling instrument according to claim 24 which 
45 includes a third sensing means disposed in said 

instrument for measuring a physical property of 
the instrument. 

29. A stapling instrument according to claim 24 
so wherein the anvil means is pivotaily connected to 

the means for holding a cartridge of staples at 
one end thereof, the cartridge of staples contains 
at lest two parallel rows of staples, the head por- 
tion includes cutting means, said cutting means 
55 comprising a knife which is movable between ad- 

jacent rows of staples and the converting means 
also converts the motion of the shaft into a force 
to move said knife. 
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30. A stapling instrument according to Claim 29 
which includes a third sensing means disposed in 
said instrument for determining the position of 
the knife. 

5 

31. A stapling instrument according to Claim 24 
wherein the firing means is a D.C. motor. 

32. A stapling instrument according to Claim 31 
wherein the D.C. motor is releasably attached to 10 
the instrument. 
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